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The Impact of Monetary and Fiscal Policy in Stabilizing
the Exchange Rate in Sudan 1980-2014

Hassan Tawakul* 1
(Recerved 20/05/2076, accepred 03/71/2076)

Abstract: Socio-economic policies implemented in Sudan during the past 30 years have caused severe economic problems,
such as increasing inflation and high unemployment rates, a massive external debt, a debt service disruption, and fluctuations in
the balance of payment and exchange rates that have all affected the macroeconomic indicators. The significance of this study
is come from the impact of the whole factors essential instrument of monetary and financial policy, and technical factors for
the instability of exchange rates and the impact on economic stability in the Sudan. The study aimed to measure the impact of
monetary policy and financial stability in the exchange rate tools in the study period. The study used the descriptive method, in
some parts of the study, and analytical approach in others to explain and analyze various economic phenomena and analytical
data and statistics related to the exchange rate in the Sudan, also used the historical method, as well as the curriculum standard
for the analysis and assessment of the proposed model for measuring the impact of monetary policy tools and financial stability
in the exchange rate. The study found many results the most important results is, that the weakness of monetary and financial
policies and ineffective high degree due to the weakness of the monetary markets, and its narrow scope, the increasing impact
of the financial non-banking institutions, making the Central Bank and Ministry of Finance not to directing the activity of these
institutions in line with the means of the monetary and financial policies. it was a lack of official data for time series variables
standard models estimated negative impact on the appreciation, as the results did not match with the hypotheses to the study
period, the existence of macroeconomic policies (monetary and financial) planned center large investments and problems in the
completion of projects programmed led to excessive borrowing from abroad in addition to monetary issuance of central bank
without charge in production.

Keywords: Monetary policy, Exchange rate, Simultaneous equations, The Stationary of the time series, Error correction model,
The Sudanese economy.
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3SLS alalSI ity gl D) o ) Aol Bl md LY Yl 3905 i il 23 g

Std.Error= (0.68) 0.102)  (0.06) (0.12) (0.13)

Std.Error= (0.0366) (0.196)  (2.43) (7.51) (0.003)

Std.Error = (0.391) (0.040) (0.022) (0.037) (0.030) (0.021)

Std.Error= (0.052)  (0.059) (0.146) (0.606)

Std.Error = (1.40) (0.17) . (0.104)

(0.74) (0.17) (0.11)

R2 =0.80 R2=0.77 D.W.= 2.08
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A Scientific Explanation of the Prophet Ayoub’s Disease and Similar Diseases

Roubi A. Zaied™ 1> 2
(Recerved 23/08/2075, accepted 17/02/2076)

Abstract: This paper addresses a scientific view of the disease and treatment reality of the prophet Ayoub (Peace Be Upon
Him) that is mentioned in Qur’an that means: “And remember Our servant Ayoub, when he called to his Lord: Indeed, Satan
has touched me with hardship and torment (41) Strike with your foot; this is a cool bath and drink (42)” Surat Saad. The study
addresses his disease definition and the treatment. Authenticated prophetic narrations has revealed that some illnesses are
caused to humans by demons of the jinn. Through material, energy and medical sciences and pathology, these illnesses can be
classified as functional diseases. It was shown that the Ozone hole might be mentioned in Qur’n in verse 90 of surat Alkahf.
Search has led to that Ayoub’s disease was caused by a prickle of a jinni demon that corrupted the cells function. Thus, several
types of cancer and diabetes can be explained in the light of the prophetic talk “Destruction of my Ummabh is by prickle and
plague, it was said: O Messenger of Allah, this prickle may we knew, what the plague is? He said: tingling by your enemies of
jinn and each is a martyrdom”. Striking with his foot, that Ayoub (PBUH) was commanded, can be explained as rehabilitation
or physical therapy. He was commanded to do so a sign of healing or to activate his blood circulation and readiness to endure
the cold water. It has been revealed that bathing with cold or even iced water is generally useful for the human body, while
drinking cold or iced water varies depending on the circumstances and Allah knows best.

Keywords: Ayoub’s illness, Cold bathing, Nature of jinn and devils, The Ozone hole, Tingling of jinn, The plague.
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Balasubramanian et al., 2015).

5.2 Hyperpigmentation

Imatinib-induced hyperpigmentation could be due
to mutant changes in the C-kit and PDGF receptors
present in melanocytes and paradoxic stimulation
of melanocyte proliferation and differentiation,
leading to increase in number of melanocytes in the
epidermis (Balasubramanian ef al., 2015). Another
possible cause of hyperpigmentation is reported to
be basal cell degeneration causing melanin leakage
or incontinence (Alexandrescu et al., 2008). A third
possibility has been described in a case report based
on the histopathologic features of imatinib induced
grey-blue pigmentation of the palate, which showed
a deposition of fine, dark-brown, spherical granules
in the dermis. The granules stained positively for
both Fontana-Masson and Prussian blue stains and
it was postulated that the pigmentation could be due
to deposition of a drug metabolite which chelates
melanin and iron similar to that caused by other
medications such as minocycline (Li ef al., 2012).

6. CLINICAL OUTCOMES

Hypopigmentation of skin is a relatively more
common side effect of imatinib and is reported to
occur in a significant number of patients (33% to
77.6%) receiving the drug (Aleem, 2009; Zhao et
al.,2009). It usually starts developing within the first
month of the initiation of therapy and the lightening
of skin gradually increases with time. Fortunately,
it is not accompanied by serious outcomes and does
not require discontinuation of the therapy in most
cases. Hypopigmentation is dose-related, reversible
after completion of treatment with imatinib and
does not require any specific therapy (Tsao et al.,
2003; Alexandrescu et al., 2008).

Hyperpigmentation of skin seems to be rare and
occasionally observed in nails (Prabhash et al,
2006), oral mucosa (Mattsson et al., 2011; Li et al.,
2012) and teeth (Singh & Bakhshi, 2007; Agrawal
et al., 2015). These changes also appear to be
dose-related and reversible with discontinuation of
imatinib therapy. Persistence of hyperpigmentation

is reported in rare cases, which could be due to
continuation of treatment with imatinib. Persistent
hyperpigmentation of skin is usually benign and
may be treated with topical steroids.

7. CONCLUSION

Imatinib is frequently used for the treatment of
CML, GIST and other types of cancers following
its acceptance as a targeted therapy for cancer
management. Besides other types of mild to
serious skin reactions, imatinib commonly causes
hypopigmentation of the skin and occasionally
hyperpigmentation of skin, nails, oral mucosa
and teeth. Hypopigmentation is a predictable
side effect of imatinib as it inhibits the c-kit and
PDGF pathways of the melanocytes, leading to
reduced melanocyte migration, proliferation and
differentiation. Hyperpigmentation could be due
to mutant changes in the c-kit and PDGF receptors
causing paradoxic stimulation of melanocyte
proliferation and differentiation, or due to melanin
leakage and deposition in dermis, or submucosa.
These pigmentary changes appear to be benign,
dose-related and reversible with discontinuation of
imatinib therapy; however, they are important for
their cosmetic and psychological effects.
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Rarely have teeth also been shown to exhibit the
effects of imatinib therapy. An adult patient of CML
experienced discoloration of the upper front teeth
after 6 months of therapy with imatinib (Agrawal,
Singh, Nigam, & Upadhyay, 2015). In another
case, a 13 year old female, receiving imatinib 300
mgd/day for chronic myeloid leukemia, suffered
from hyperpigmentation of all of her teeth and
gums after 6 months of treatment. Paradoxically,
she also developed hypopigmentation of perioral
and perinasal skin (Singh & Bakhshi, 2007).

4. HISTOPATHOLOGY
4.1 Hypopigmented skin lesions

In a cohort study of 41 patients receiving imatinib
for treatment of CML, 24 skin biopsies were
done (13 from hypopigmented skin and 11 from
normal-appearing skin) to characterize lesions of
hypopigmentation and compare them with normal
skin. About 45% of patients indicated periocular
hypopigmentation. A histopathology revealed
perifollicular fibrosis in 76.9% of hypopigmented
skin biopsies and in 45.5% of normal-appearing
skin biopsies. Epidermal melanin (determined
with Masson-Fontana staining) and melanocyte
number (evaluated with MiTF, Melan A & c-kit
immunostains) were lower in hypopigmented skin,
which led the authors to conclude that the presence
of melanocytes, although in a significantly
smaller number that contained melanin made the
hypopigmented lesions different from vitiligo,
as melanocytes are reported to be absent in the
case of vitiligo (Llamas-Velasco, Fraga, Kutzner,
Steegmann, Garcia-Diez, & Requena, 2014).

4.2 Hyperpigmented skin lesions

A histopathological examination of the skin biopsy
specimen taken from the hyperpigmented lesion
on the forearm showed increased melanocyte
density in the epidermis which was highlighted

by the Masson-Fontana stain. There was no
evidence of basal layer vacuolar degeneration,
melanin incontinence or lichenoid infiltrate in the
dermis (Balasubramanian et al., 2015). However, a
histology performed for the hyperpigmented lesions
of skin in another case report demonstrated an
increase in basal cell melanin pigment, prominent
melanin pigment incontinence, mild perivascular
lymphohistiocytic infiltrate and the presence of
melanophages at the periphery of the superficial
capillaries (Alexandrescu et al., 2008).

4.3 Hyperpigmentation of Mucosal Lesions

The histopathologic  examination of the
hyperpigmented area of the palate in a case report
showed deposits of melanin pigment in the lamina
propria of the palatal mucosa (Mattsson et al., 2011).
Similarly, in another report, the histopathologies
of three Caucasians also revealed the presence of
fine, brown, spherical bodies, 2-4 um in diameter,
in the lamina propria, within melanophages, lined
in between the collagen fibers, or in the cytoplasm
of dendritic mononuclear cells. There was no
melanocytic hyperplasia or deposition of melanin
in the epithelium, nor signs of inflammation and
hemorrhage. The Fontana-Masson stain was
positive for melanin and the Prussian blue stain was
positive for iron (Li et al., 2012).

5. MECHANISM OF IMATINIB-INDUCED
PIGMENTARY CHANGES

5.1 Hypopigmentation

C-kitand PDGF receptors are presentinmelanocytes,
the activation of which plays an essential role in
the melanogenesis pathway, namely melanocyte
migration, survival, proliferation and differentiation
(Alexeev & Yoon, 2006). Hypopigmentation is
a predictable and dose-dependent adverse effect
of imatinib as it inhibits the c-kit and PDGF
pathways of the melanocytes, leading to reduced
melanocyte migration, proliferation and differentiation
(Balagula et al., 2011; Llamas-Velasco et al., 2014;
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cytotoxic T cells have been identified adjacent to
disappearing melanocytes. Involvement of multiple
autoantibodies  against melanocyte  antigens
including tyrosinase, tyrosinase related proteins 1
and 2, Pmell7 and melanin-concentrating hormone
receptor 1 (MCHR1) have also been reported in
some patients with vitiligo (Van den Wijngaard,
Wankowicz-Kalinska, Le Poole, Tigges, Westerhof,
& Das, 2000; Ongenae, Van Geel & Naeyaert,
2003; Le Poole, van den Wijngaard, Westerhof
& Das, 1996; Kemp, Waterman, Hawes, O’Neill,
Gottumukkala, Gawkrodger, Weetman, & Watson,
2002).

Imatinib, an inhibitor of tyrosinase and tyrosinase
related proteins, may affect vitiligo either by
facilitating the hypopigmentation or by causing the
hyperpigmentation and amelioration of vitiligo. The
response perhaps depends on whether the inhibitory
or excitatory pathways for melanin synthesis are
affected by imatinib, which is possible because both
hypo- and hyper- pigmentation of skin have been
reported to occur with imatinib therapy. Below are
a few cases reports concerning the dual effects of
imatinib in vitiligo.

A 17 year old Caucasian adolescent suffering from
CML who was treated with imatinib mesylate
developed hypopigmented vitiligo-like patches and
ageneralized lightening of the skin. The colorimetric
evaluation was done to confirm the colour changes
of the patient’s skin during treatment with imatinib
(Brazzelli, Roveda, Prestinari, Barbagallo, Bellani,
Trevisan, Rona, Locatelli, Zecca, & Borroni, 2006).
Vitiligo-like lesions have also been reported in
an adult patient treated with Imatinib (Cerchione,
Fabbricini, Pane, & Luciano, 2009). Because
hypopigmentation is a relatively more common
side effect of imatinib, its local application has
been suggested as a potential remedy to induce
depigmentation of the remaining areas of skin when
vitiligo is more extensive and involves major parts
of the body (AlGhamdi & Kumar, 2011).

In contrast to the formation of hypopigmented
patches induced by imatinib mentioned above, a
decade-long vitiligo was dramatically ameliorated
by localized repigmentation in an elderly Chinese
man when his recurrent gastrointestinal stromal

tumors were treated with imatinib (Han, Yu, &
Wang, 2008).

3. PIGMENTARY CHANGES OF MUCOUS
MEMBRANES

Colour changes of the mucus membranes as a side
effect of imatinib therapy are relatively rare and are
invariably due to hyperpigmentation. Below are a
few cases reports pertaining to the hyperpigmentation
of oral mucosa, nasal mucosa and teeth induced by
imatinib.

In a case report involving one patient with GIST and
two patients with CML (all of whom were treated
with imatinib for 5-6 years), it was noted that each
patient had developed diffuse solitary painless
bluish-brown pigmentations in the hard palate. The
lesions persisted at follow-ups; however, there were
no other pigmentary lesions on the oral mucosa
(Mattsson, Halbritter, Morner-Serikoff, Christerson
& Warfvinge, 2011).

In another cases report, two elderly Caucasians
suffering from CML who were treated with imatinib
(400 mg daily) for 4 and 10 years developed grey-
blue pigmentation on the hard palate mucosa
although they were unaware of it until a routine
dental examination. There were no other areas of
pigmentation on the oral mucosa, skin, or fingernails.
Another relatively younger female Caucasian being
treated with imatinib 400 mg/day for 4 years for
pelvic fibrosarcoma also developed an asymptomatic
diffuse blue-black pigmentation in the hard palate,
which was detected on routine dental examination
(Li, Malik, Blaeser, Dehni, Kabani, Boyle, Toner, &
Woo, 2012).

Similarly, other cases of palatal melanosis related
to imatinib therapy for CML or other tumors have
also been reported (Wong, Sade, Gilbert, & Klieb,
2011; Yu, Shere, & Vigneswaran, 2012; Khoo,
Catalano, Supple, Chong, Yeoh, Yeung, & Iland,
2013; Roeker & Wolanskyj, 2014; Lyne, Creedon
& Bailey, 2015). Moreover, along with the palate,
imatinib-induced hyperpigmentation has been
reported to involve the nasal mucosa, nails and ear
lobes in various case reports (Resende, Teixeira,
Vasconcelos-Fde, Silva, Abreu, & Gomez, 2012;
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finding. Therefore, only sporadic case reports were
found in the literature, either with localized skin
or nail darkening or more extensive distribution
of hyperpigmentation. Some of them are reported
below.

A 28 year old male, diagnosed as Philadelphia
positive CML, was given imatinib 400 mg daily.
Six months after starting imatinib therapy, he
developed hyperpigmentation of the face which
slowly increased and transformed to chloasma-
like appearance after one year (Valizadeh, 2011).
Recently, another case of facial hyperpigmentation
during imatinib therapy for a gastrointestinal
stromal tumor was also reported (Hamza, Gaies,
Kastalli, Daghfous, & El Aidli, 2014).
Hyperpigmentation with imatinib therapy has been
observed occasionally in nails, in the absence of
cutaneous changes. A 40 year old patient of CML
was started on imatinib 400 mg/day and showed
a tremendous hematological and cytogenetic
response. However, after 4 months of therapy
the patient noticed hyperpigmentation of all of
his fingernails, which started at the nail bed and
gradually involved almost two-thirds of the nails.
The pigmentation was initially brown in color but
darkened with time. Similar pigmentation was
found on the toenails but relatively less marked
(Prabhash, Biswas, Prasad, Karant, Sastry, &
Parikh, 20006).

Besides localized skin and nail involvement,
few cases of more extensive hyperpigmentation
following imatinib therapy have also been reported.
One of these was a 60 year old female diagnosed
as a case of CML and treated with imatinib 400
mg daily. The patient showed good improvement
in the hematological parameters. However, 6
months after the imatinib therapy, she developed
hyperpigmentation, which occurred initially on her
face and then progressively extended to the neck,
chest and the extensor surface of her forearms. The
pigmentation was unrelated to light, her thyroid
profile was normal and she was not on any other
medication (Balasubramanian, Jagadeesan, &
Thomas, 2015).

Another case of extensive hyperpigmentation was
a 50 year old African-American man who was

diagnosed with stromal tumor of the stomach,
having multiple liver metastases. The patient was
treated with imatinib 600 mg orally daily. Within
8 weeks of commencement of imatinib therapy,
he developed generalized skin eruption which was
most pronounced on the distal extremities and
both scapulae areas, where it formed confluent
erythematous plaques. After discontinuation of
imatinib the lesions improved markedly; this
prompted the treatment to be restarted after a few
months with a smaller dose of 300 mg daily. The
cutaneous eruption recurred in the same pattern
within a few days of restarting imatinib and the
drug had to be discontinued permanently. Within
a week of stopping imatinib, reticulate dark-brown
hyperpigmentation started to develop in a non-
overlapping pattern with the original lesions. The
hyperpigmented macules were observed on the
anterior chest and abdomen in a midline confluent
distribution and on the extremities, where distal
areas were more affected than proximal. The
presence of hyperpigmented lesions at different
time, pattern and sites, as compared to the initial
distribution of rash, indicated that the etiology of
the hyperpigmentation was related to the biological
properties of imatinib rather than post eruption
(Alexandrescu, Dasanu, Farzanmehr, & Kauffman,
2008).

Surprisingly, cutaneous hyperpigmentation and
the graying of hair have been reported to occur at
the same time in a patient of dermatofibrosarcoma
protuberans treated with imatinib (Balagula,
Pulitzer, Maki, & Myskowski, 2011).

2.3 Vitiligo and Imatinib — a Dilemma

Vitiligo is an acquired skin depigmentation occurring
in approximately one percent of the population
worldwide. It results from an autoimmune process
directed against the melanocytes. The disease
can be devastating psychologically, particularly
in dark-skinned individuals. The pathogenesis
is thought to involve an autoimmune process
directed against melanocytes. Evidence of this is
derived from histologic studies that have found an
absence of melanocytes in the affected skin. CD8+
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of melanin derangements, clinical outcomes and
management are also described.

2. PIGMENTARY CHANGES OF SKIN

Since the approval of imatinib for the treatment
of CML, GIST and other types of cancers,
its acceptance as a targeted therapy for cancer
management and widespread application, many
cases of hypopigmentation and occasionally
hyperpigmentation related to imatinib therapy have
been published in the pubmed. Below are some case
reports and clinical studies pertaining to imatinib
induced hypo- and hyper- pigmentation of skin and
the effects of imatinib on vitiligo.

2.1 Hypopigmentation

A 70-year-old Nigerian male with severe chronic
obstructive pulmonary disease and cardiomyopathy,
was presented with a large bleeding gastric stromal
tumor metastatic to the liver and was treated with
imatinib. Within two months of onset of imatinib
therapy, the patient started improving and showed
15% decrease in metastatic lesions. However, after
3 months, the patient developed hypopigmentation
of the distal parts of the dorsum of both hands. Later, he
was reported to have developed a generalized lightening
ofbody complexion (Hasan, Dinh, Lombardo, Dawkins,
& Kark, 2003).

In a case series, skin hypopigmentation was
reported in 6 patients of CML who were treated
with imatinib. All six patients established a
hematologic response but only two showed a
complete cytogenetic response with imatinib. Most
patients developed skin hypopigmentation within
the first month of treatment, which was reversible
and dose related (Tsao, Kantarjian, Cortes, O’Brien,
& Talpaz, 2003).

In another case series, three cases of CML
treated with imatinib were reported to develop
hypopigmentation, which was persistent during
the therapy. Hypopigmentation did not appear to
affect the response to treatment and was found to
be reversible and dose related. Patients experienced
fluctuations in the intensity of hypopigmentation

on interruption or re-initiation of the drug (Talwar,
Doval, & Bhatia, 2007).

A retrospective analysis of 15 patients of CML,
treated with imatinib mesylate alone (5 patients)
or along with hydroxyurea and interferon (10
patients), showed a generalized lightening of skin
color in 12 patients within 3-4 weeks of initiation
of the treatment. The hypopigmentation appeared
to be reversible because withdrawal of the drug
showed darkening of skin color and on re-initiation
of therapy there was reversal of the skin lightening
(Sunita, Gupta, Saluja, Bhasin, & Sarma, 2006).

In a clinical study conducted in Riyadh, Saudi
Arabia, for the assessment of the frequency of
hypopigmentation in patients receiving imatinib
(400 mg/day) for the treatment of AML, 8 out of
24 patients (33%) developed hypopigmentation.
The hypopigmentation developed during the first
3-6 months, which was generalized in 7 patients
and localized in one, involving the hands and face.
There was no photosensitivity or other significant
side effects (Aleem, 2009).

Another retrospective analysis of 116 Chinese
CML patients receiving imatinib reported skin
hypopigmentation as the most common side
effect (77.6%). However, it was otherwise well
tolerated and showed good response rates. The
3-year progression-free survival and 5-year overall
survival were 73.3 and 74.8% (Zhao, Liu, Wang,
Wu, Lai, Cao, Luo, Tan, Shi, Xie, Ye, Cai, Lin, &
Huang, 2009).

Moreover, imatinib has been reported to reduce nevi
and lentigines, when used for the treatment of CML,
GIST syndrome, or other cancers. For example, a
45-year-old woman suffering from familial GIST
syndrome also had multiple dysplastic nevi and
lentigines. When treated with imatinib in order
to decrease the tumor load, the patient noticed
a decrease in the number of pigmented lesions,
lightening of the skin in the genital area and graying
of hair (Campbell, Felsten, & Moore, 2009).

2.2 Hyperpigmentation

In contrast to hypopigmentation, imatinib induced
hyperpigmentation of the skin is a relatively rare
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1. INTRODUCTION

Imatinib was initially approved by the US Food and
Drug Administration(FDA),in 2001 for the treatment
of adult Philadelphia chromosome positive (Ph+)
chronic myelogenous leukemia (CML). In 2002, it
was authorized for the treatment of gastrointestinal
stromal tumors (GISTs); in 2003 for childhood chronic
myelogenous leukemia (CML), and in 2006, for the
treatments of dermatofibrosarcoma protuberans (DFSP),
myelodysplastic/myeloproliferative diseases (MDS/
MPD), aggressive systemic mastocytosis (ASM),
hypereosinophilic syndrome/chronic eosinophilic
leukemia (HES/CEL), and relapsed/refractory acute
lymphocytic leukemia (Ph+ ALL). Since then, it is
widely used for the management of various types
of cancers.

Imatinib is a small-molecule tyrosine kinase
inhibitor with activity against ABL, BCR-ABL,
¢-KIT and PDGFRa. Imatinib is used orally to treat
CML, GISTs, other malignancies and a variety of
dermatological conditions (Guilhot, 2004).

Body cells need signaling proteins (signal cascade)
to survive and proliferate. The signaling proteins
are activated through the addition of phosphate by
a tyrosine kinase enzyme as needed. In Ph-positive
CML cells, one tyrosine kinase enzyme, BCR-ABL,
is stuck in the active position and these leukemic
cells then keep on proliferating. Imatinib blocks this
BCR-ABL enzyme and the addition of the phosphate
group; therefore, these cells stop growing and even
die because of apoptosis (Goldman & Melo, 2003).
The BCR-ABLI tyrosine kinase enzyme exists only
in cancer cells, thus imatinib is regarded as a form
of targeted therapy for killing cancer cells only and
is one of the first anticancer drugs to show such
targeted action (Fausel, 2007; Stegmeier, Warmuth,
Sellers, & Dorsch, 2010).

Similarly, in GISTs, another protein kinase,
c-KIT, attains a gain-of-function mutation,
leading to excessive proliferation of stromal cells.
Imatinib has therapeutic effects against GISTs via
inhibition of KIT, decreased glucose uptake and
other yet unknown mechanisms (Tarn, Yuliya,
Skorobogatko, Taguchi, Eisenberg, Von Mehren, &
Godwin, 2006).

Imatinib also inhibits Platelet Derived Growth
Factor Receptor (PDGFR) and appears to have the
ability to treat a variety of dermatological diseases,
including FIP1L1-PDGFR-alpha+ mast cell disease,
hypereosinophilic syndrome, dermatofibrosarcoma
protuberans and HIV related Kaposi’s sarcoma
(Scheinfeld, 2006).

Cutaneous reactions to imatinib are common
and are reported to occur in 9.5% to 69% of
patient. Maculopapular eruptions, erythematous
eruptions, edema, and periorbital edema are the
most common adverse effects. Other common
side effects include toxic epidermal necrolysis,
Stevens Johnson syndrome, acute generalized
exanthematous pustulosis, purpuric vasculitis and
mycosis fungoides-like reaction. Relatively rare
adverse effects are lichenoid reactions, pityriasiform
eruptions, pityriasis rosea, psoriasis, porphyria
cutanea tarda, eccrine hidradenitis, Sweet’s syndrome,
erythema nodosum, EBV-positive cutaneous B-cell
lymphoproliferative disease, follicular mucinosis,
pseudolymphoma-type  drug  eruptions, and
malpighian epitheliomas (Scheinfeld, 20006a;
Pascual, Matarredona, Miralles, Conesa, & Borras-
Blasco, 2006). Regarding pigmentary changes in
the skin and mucous membranes, hypopigmentation
is relatively more frequently occurring, whereas,
paradoxically hyperpigmentation has also been
reported in occasional cases (Ayirookuzhi, Ma,
Ramshesh & Mills, 2005).

Some authors have reviewed overall cutaneous
reactions caused by imatinib with brief reference to
color changes in the skin (Arora, Kumar, Sharma,
Wadhwa, & Kochupillai, 2004; Attili, Anupama,
Dadhich, Saini, Bapsy, & Batra, 2006; Brazzelli,
Grasso & Borroni, 2013; Pretel-Irazabal, Tuneu-
Valls, & Ormaechea-Pérez, 2014). However, it was
noticed that a lot more case reports and clinical
studies have been reported in the literature since
then about the imatininb induced pigmentary
changes in the skin and mucous membranes.
Therefore, in the present article, various case reports
and clinical studies pertaining to hypopigmentation
and paradoxic hyperpigmentation of the skin
and mucous membranes caused by imatinib are
reviewed and appraised. The possible mechanisms
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Abstract: Imatinib is a tyrosine kinase inhibitor that has a wide range of applications in the treatment of cancer, including:
Chronic Myelogenous Leukemia, gastrointestinal stromal tumors and others. Imatinib is also effective when utilized to treat
various dermatological conditions, for example, dermatofibrosarcoma protuberans, HIV related Kaposi’s sarcoma and hypere-
osinophilic syndrome. Imatinib targets the BCR-ABL protein, the c-kit (KIT), the platelet-derived growth factor and the serine/
threonine kinases involved in tumor signaling, angiogenesis and apoptosis. The BCR-ABL tyrosine kinase enzyme exists only
in cancer cells. Imatinib exhibits the enzyme’s killing effect only against cancer and it is the first of its kind to possess a targeted
therapy against noeplasms. Besides systemic side-effects, imatinib can cause dermatological complications, including hypopig-
mentation of the skin in a significant number of patients. Paradoxically, it has also been shown to induce hyperpigmentation in
occasional cases. Cutaneous pigmentary changes are reported to be benign and dose related; however, they are important for
cosmetic and psychological effects. In this article, the various case reports and studies pertaining to color changes in the skin
and mucous membranes in patients receiving imatinib for the treatment of cancers are reviewed and appraised. The possible
mechanisms of melanin derangements and clinical outcomes are also described.
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skskoskekk
Gueiilay) #1998 Loy AN Lhaldal) LpsEY) g Aol B A luall @l il o daa) ja

2 Al cua aae Jd¥gaa ;‘JS‘ daaa
(» 1437/12/25 5 il Ji 5 < 1437/08/08 4 riill 228)

il LSl Gl ecfl s 3l (b il (ol 5 50 40l ¢ S (5l Tade s (aiilel) 1) (padla
d.\.\.w‘;‘; cﬂdu‘ua\)aY\w@yumw‘_gLaﬂdw(umLu\) LQJAY\UIL)J\&\}J\ }m}d\w\e\”‘x‘\
g_u.\.uLu\ ud«.mu uMJyY\L)BMJJM}@M\U&w})mM\ \A}SJL»&J}:\S ‘4_\5.\“\44.31;]\ g_an\L).mS\ d\.m!\
S le 50 Led ) S i e s dased) il (g 38l salll Jele ¢(KIT) pik = ¢BCR-ABL sl
u\ﬁ c‘\_\k:j c‘\.uLLn}..J\ La)aj\@.ks&dj;}a BCR-ABL JL‘-‘SU{)})—‘-‘“ ?'U"‘ LIJAJ\ u)AJM}AJ\Mc}\}” uJ}S.\ cebj‘}“
LAl Calagind dpald 4l caic sana (B 1u 8 BOe alany Lae dlgine S 4553}.134..\.&.)“3\ LAY Jasd Caaginy cuivilay
o il (S Apalall i Lmall inmy Caisiley) z0le e 38 Aaladl Lailal o )01 Gl )5 Akl LIAD) () 50 Al yud)
lall gluall (8l sl o385 i jall SV (a8 alall jual a8 sy 288 48 jldally | aa pall G S 20 (A Al
dsm\fjﬁguﬁuuwﬂ)ﬂ\a.\hg A_ILA;.U‘L\MA.I\Jh\L@JUUJBJCA}‘:;.\}J\%P)\M‘\L.UJAJ‘amu}&uodb
u‘)"—‘“}‘mu‘ﬂ‘s""}‘“@ ML\AA\MY\}JH\U}SJM&Lm&a\ﬂbw\m‘ﬁﬂ\})\sﬂ\}ub&bﬂ\

CMM})&J\@L\JUQ&\)\.\A\wﬂw\u\_\.“}“myﬁu:us‘UIL}..J\ C)\.d\

Aoklaall 4se V) calall cgaaill b s il (el ¢ i o5 i) Tadie ccuiilay) rdualial) cilalsl)

*Correspondence Author :‘uﬂ-"‘.)‘n *

E % E (1) Pharmacology Department, College of Medicine, Adladll 3 ganll dadla ¢ Gdall 2K saY) e and (1)
Northern Border University, P.O.Box 1321, Arar dupell ALl 91431 e e 1321 .=
" 91431, Kingdom of Saudi Arabia. A gl

e-mail: mohammad.inayatullah@nbu.edu.sa & mrakramsa@yahoo.co.uk

ejoumal.naul.edu.sa (2) King Fahd Hospital of the University, University e pladll Aaala o aalall agd Cllll adni 2)

of Dammam P.O.Box 10011, Khobar 31433, A gl Ay el A<l 31433 3l 10011
DOI: 10.12816/0031346 Kingdom of Saudi Arabia.

133



Journal of the North for Basic and Applied Sciences, Vol. (1), Issue (2), Northern Border University, (2016/1438 H) 132

Al Yosofi, A. (2000). Khat chewing is a risk factor
of duodenal ulcer. Saudi Medical Journal, 21, 887-
388.

Sewiye, Y. (2008). Effects of Khat (Catha edulis Forsk) on
electrophysiologic properties of the heart and of the
lung function indices. Pharmacologyonline 2, 207-
218.

Teferedegn, E., Ayana, A.M., & Yami, A. 2013. Effect of
Khat (catha edulis) on bronchial asthma in Jimma
University specialized hospital, adult chest clinic,

Jimma, Ethiopia. European Respiratory Journal, 42,
P2523.

Undem, B. J. & Kollarik, M. (2005). The role of vagal
afferent nerves in chronic obstructive pulmonary
disease. Proceedings of the American Thoracic
Society, 2, 355-360.

Zahran, M., Khedr, A., Dahmash, A., & El-Ameir, Y. (2014).
Qat farms in Yemen: Ecology, dangerous impacts
and future promise. Egyptian Journal of Basic and
Applied Sciences, 1, 1-8.



131 Saeed A. Al-Qahtani: The effect of Khat on Pulmonary Functions among Jazan University Students

aortic vasoconstriction by cathinone, the active
constituent of Khat. Autonomic and Autacoid
Pharmacology, 23, 319-326.

Algabr, M., Al-Wadhaf, H., Ameddah, S., Menad,
A., Mekkiou, R., Chalchat, J., Benayache, S. &
Benayache, F. 2014. Analysis of the essential oil
of leaves Catha edulis from Yemen. International
Journal of Applied Research in Natural Products, 7,
21-24.

Alsanosy, R. M., Mahfouz, M. S. & Gaffar, A. M. (2013).
Khat chewing among students of higher education
in Jazan region, Saudi Arabia: prevalence, pattern,
and related factors.) Biomed Res Int. 2013/07/24
ed.

Arets, H., Brackel, H. & Van der Ent, C. (2001). Forced
expiratory manoeuvres in children: do they meet
ATS and ERS criteria for spirometry?. European
Respiratory Journal, 18, 655-660.

Ayana, A. M., Sherief, H. T. & Tekli, Y. (2002). Effect of
Khat (Catha edulis Forsk.) on blood pressure and
heart rate, a community based study. Ethiopian J
Health Dev, 16, 325-334.

Balint, E. E., Falkay, G. & Balint, G. A. (2009). Khata€“a
controversial plant. Wiener Klinische Wochenschrif,
121, 604-614.

Berhane, Y., Bonita, R. & Wall, S. (2008). Association
of smoking and Khat (Catha edulis Forsk) use
with high blood pressure among adults in Addis
Ababa, Ethiopia, 2006. Preventing Chronic Disease
5.

Beydon, N., Davis, S. D., Lombardi, E., Allen, J. L.,
Arets, H. G., Aurora, P., Bisgaard, H., Davis, G. M.,
Ducharme, F. M. & Eigen, H. (2007). An official
American Thoracic Society/European Respiratory
Society statement: pulmonary function testing in
preschool children. American Journal of Respiratory
and Critical Care Medicine, 175, 1304-1345.

Corkery, J. M., Schifano, F., Oyefeso, A., Ghodse, A. H.,
Tonia, T., Naidoo, V. & Button, J. (2011). Overview
of literature and information on» Khat-related»
mortality: a call for recognition of the issue and
further research. Annali Dell’Istituto Superiore di
Sanita 47, 445-464.

Cox, G. & Rampes, H. (2003). Adverse effects of Khat: a
review. Advances in Psychiatric Treatment, 9, 456-
463.

Freund-Michel, V.R.C., Birrell, M. A., Patel, H. J., Murray-
Lyon, I. M. & Belvisi, M. G. (2008). Modulation of
cholinergic contractions of airway smooth muscle
by cathinone: potential beneficial effects in airway
diseases. European Respiratory Journal, 32, 579-
584.

Harding, S. M. (1999). Gastroesophageal reflux and asthma:
insight into the association. Journal of Allergy and

Clinical Immunology, 104, 251-259.

Hassan, N., Gunaid, A. & Murray Lyon, I. (2007).
Khat [Catha edulis]: health aspects of Khat
chewing.

Hassan, N., Gunaid, A. A., El-Khally, F. M. & Murray, 1.
(2002). The subjective effects of chewing Qat leaves
in human volunteers. Annals of Saudi Medicine, 22,
34-37.

Hassan, N. A., Gunaid, A. A., Abdo-Rabbo, A. A., Abdel-
Kader, Z. Y., Al-Mansoob, M. A., Awad, A. Y.
& Murray-Lyon, I. M. (2000). The effect of Qat
chewing on blood pressure and heart rate in healthy
volunteers. Tropical doctor, 30, 107-108.

Karunamoorthi, K., Udeani, G., Babu, S. M. & Mossie,
A. (2010). Psychopharmacosocial Aspects of Catha
edulis Forsk (Fam. Celastraceae). Afiican Journal of
Pharmaceutical Sciences and Pharmacy, 1.

Krikorian, A. D. (1984). Kat and its use: an historical
perspective. J Ethnopharmacol, 12, 115-78.

Liard, R. & Neukirch, F. (2000). Questionnaires: a major
instrument for respiratory epidemiology. Eur Respir
Mon, 15, 154-166.

Makonnen, E. (2000). Constipating and spasmolytic
effects of Khat (Catha edulis Forsk) in experimental
animals. Phytomedicine, 7, 309-312.

Manghi, R. A., Broers, B., Khan, R., Benguettat, D.,
Khazaal, Y. & Zullino, D. F. (2009). Khat use:
lifestyle or addiction? J Psychoactive Drugs, 41,
1-10.

Miller, M. R., Hankinson, J., Brusasco, V., Burgos, F.,
Casaburi, R., Coates, A., Crapo, R., Enright, P,
Van der Grinten, C. & Gustafsson, P. (2005).
Standardisation of spirometry. Eur respir J, 26, 319-
38.

Morrison,J., Pearson, S. & Dean, H. (1988). Parasympathetic
nervous system in nocturnal asthma. British Medical
Journal (Clinical Research ed.), 296, 1427.

Mwenda, J., Arimi, M., Kyama, M. & Langat, D. (2004).
Effects of Khat (Catha edulis) consumption on
reproductive functions: a review. FEast Afiican
Medical Journal, 80, 318-323.

Numan, N. (2004). Exploration of adverse psychological
symptoms in Yemeni Khat users by the Symptoms
Checklist-90 (SCL-90). Addiction, 99, 61-5.

Odenwald, M., Neuner, F., Schauer, M., Elbert, T.,
Catani, C., Lingenfelder, B., Hinkel, H., Héifner,
H. & Rockstroh, B. (2005). Khat use as risk factor
for psychotic disorders: a cross-sectional and
case-control study in Somalia. BMC Medicine, 3,
5.

Pal, P, Robert, A. J., Dutta, T. & Pal, G. (2010).
Pulmonary function test in traffic police personnel
in Pondicherry.

Raja’a, Y., Noman, T., Al-Warafi, A., Al Mashraki, N. &



Journal of the North for Basic and Applied Sciences, Vol. (1), Issue (2), Northern Border University, (2016/1438 H) 130

Both are indicators of the capacity of the expiratory
muscles. FEV1 and PEFR were more after four
hours of Khat chewing as seen in Table 1. This
is probably due to the sympathomimetic effect of
Khat on small and medium sized air passages that
lead to an overall increase in the functional surface
area of the lungs (Freund-Michel et al., 2008). The
significant increase in PEFR reflects not only the
dilation of small and intermediate sized bronchi
but also reabsorption of mucus fluid within smaller
air passages, which is probably due to cathinone’s
aroma and astringent effects decreasing airway
resistance and hence improved PEFR. This
might be the reason why many asthmatic patients
experience ventilatory improvement during and
after Khat use.

There was an insignificant increase in FEV1%
which is the amount of air expired in one minute
as a percentage of VC or FVC. FEV1% is a
better indicator of the condition of the bronchial
musculatures. In this study, FEV1/FVC was
insignificantly increased in the Khat-chewing
students as compared with control group. This
may be due to the increased vital capacity in
them. FEF25, FEF50 and FEF75 also show an
insignificant increase in Khat chewing. This is
probably due to the reduction in airway resistance
following Khat chewing was not so marked as the
change is seen on FVC. In addition, the trachea
and large bronchi might not be affected by the
sympathomimetic effect of Khat, probably due to
poor elasticity of large airways with high cartilage
composition. In addition, Khat induces the release
of dopamine from CNS terminals and thus
increases the activity of dopaminergic pathways
(Abebe, Debella, Dejene, Degefa, & Abebe, Urga,
& Ketema, 20006).

The results also showed that the FET of Khat
chewing students was significantly longer than
that of the control group. This may be attributed
to the asymptomatic improvement of ventilatory
function in Khat chewing with higher air outflow
during expiration. This is consistent with other
studies demonstrating sympathomimetic-
independent effects of Khat (AL-Motarreb &
Broadley, 2003).

5. CONCLUSION

The present study demonstrated significant
improvement in most of the PFTs, which could
be due to sympathomimetic-type of effects or
sympathomimetic-independent  actions.  These
findings support the use of Khat for the treatment
of asthma in the folk medicine. Further researches
should be conducted to find out the effect of long-
term use of Khat on respiratory functions.
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Figure 1: Diagram shows changes in the FVC, FEV1 and PEF50 four hours after Khat chewing in 40 study subjects.

chemicals such as cathine and norephedrine,
which have the similar structure to amphetamine
and adrenaline (epinephrine) (Corkery, Schifano,
Oyefeso, Ghodse, Tonia, Naidoo, & Button, 2011).
Therefore, cathinone is considered as a potent
amphetamine-like compound (Hassan, Gunaid, El-
Khally, & Murray, 2002, Balint, Falkay, & Balint,
2009). Although chewing Khat can lead to many
unwanted adverse effects in the body, many studies
have reported that it is used as a herbal remedy for
airway diseases (Algabr ef al., 2014, Teferedegn et
al., 2013, Freund-Michel et al., 2008).
Extrapolated volume is the volume exhaled before
the timing of the maneuver has started i.e. at time
zero and has recommended its use for the calculation
ofthe FEV1. V. was <5% in all students. Excessive
extrapolated volume is a type.

of hesitation or false start and is one of the criteria
for determining acceptability (Miller et al., 2005,
Beydon, Davis, Lombardi, Allen, Arets, Aurora,
Bisgaard, Davis, Ducharme, & Eigen 2007).

In the present study, the chewing and ingestion of
Khat leaves caused a significant increment in the
measurement of FVC as compared with the non-
Khat chewing students. FVC is the volume of air
that can forcibly blow out after full inspiration.

It is an indicator of the functional capacity of
the lungs. The changes might be in the tissues
of the lungs due to modulating the cholinergic
control of the tracheal smooth muscle by the
Khat through concomitant activation of both o2
adrenergic and 5-hydoxytryptamine 7 presynaptic
receptors and inhibition of acetylcholine release
from parasympathetic nerves innervating the
airways (Freund-Michel et al., 2008). This effect
may contribute to the beneficial effects of Khat
that have been traditionally reported in airway
diseases (Hassan, Gunaid, & Murray Lyon, 2007).
In addition, Khat may be particularly beneficial
in airway diseases displaying a heightened
cholinergic tone, such as asthma associated with
gastro-oesophageal reflux, nocturnal asthma or
chronic obstructive pulmonary disease (Undem
& Kollarik, 2005, Morrison, Pearson, & Dean,
1988). The development of new anticholinergic
molecules based on mechanisms of action other
than antagonising muscarinic receptors may be
particularly interesting in the treatment of such
airway diseases with heightened cholinergic tone
(Freund-Michel et al., 2008).

FEV1 is the amount of air expelled in one minute.
PEFR is the maximum rate of flow during expiration.
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Table 1: Pulmonary function tests four hours after Khat chewing in 40 study subjects.

Parameters Control students Khat chewing students % change
FVC (L)
Pred. 4.74+0.56 5.15+0.46 +9%*
ACTL 3.83+0.29 4.614+0.43 +20%*
% Pred. 81.45+6.90 89.60+6.09 +10%%*
FEV, (L)
Pred. 4.09+0.44 4.36+0.46 +7%*
ACTL 3.47£0.33 4.10+0.39 +18%*
o Pred. 85.2546.29 94.5045.77 + 1%
FEV,% (%)
Pred. 83.61+0.23 84.71+£3.42 +1.3%
ACTL 92.30+4.22 94.22+4.10 +2.1%
% Pred. 110.25+5.04 111.25+4.65 -0.9%
PEFR (L/S)
Pred. 8.88+0.90 9.54+0.47 +7.4%%*
ACTL 6.99+0.81 8.12+0.99 +16.2%*
% Pred. 78.78+6.69 85.2749.81 +8.2%*
FEF,_, (L/S)
Pred. 5.09+0.67 5.21+0.35 +2.4%
ACTL 4.99+1.12 5.28+0.88 +5.8 %
o, Pred. 97.93+15.76 101.81+14.53 +4 %
FEF,,, (L/S)
Pred. 2.58+0.32 2.69+0.50 +4.3%
ACTL 2.474+0.36 2.64+0.51 +6.9%
% Pred. 95.80+9.85 96.55+8.57 +0.8%
FEF,, (L/S)
Pred. 5.51+0.21 5.60+0.52 +1.6%
ACTL 5.30+1.27 5.68+1.02 +7%
% Pred. 95.70+20.60 100.31+13.64 +4.8%
FEF,,, (L/S)
Pred. 8.06+0.42 8.29+0.30 +2.9%
ACTL 6.96+1.58 7.62+1.31 +9.5%
% Pred. 87.60+19.34 91.65+14.38 +4.6%
FET (S) 3.12+1.13 4.07+1.16 +30%*
Vext (mL) 107.50+46.55 132.00+25.46

* Differences are insignificant at p > 0.05.
* Values are given as mean + standard deviation.

« P<O.

* Significan changes (P<0.05).
**Insignifican changes (P>0.05).
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and confidentiality was maintained. Ethical
clearance was obtained by Jazan University Ethical
Committee.

2.3 Measurement of pulmonary function tests

Pulmonary function tests were carried out with
the help of a computerized spirometer (Spirolab
I, Medical International Research Corporation,
Italy), which can express the data both in absolute
values and as percentage of predicted values
recommended by the Intermountain Thoracic
Society (Miller, Hankinson, Brusasco, Burgos,
Casaburi, Coates, Crapo, Enright, Van der Grinten,
& Gustafsson, 2005). It is a non-invasive and quite
accurate method of assessing the respiratory health
status of an individual, especially the ventilation
functions of lungs. The Spirolab was regularly
checked for a constant ambient condition prior
to every measurement. The spirometer gives an
automatic interpretation of the measured data.
Before recording, students were allowed to relax in
and familiarize with the laboratory environment. All
volumes were recorded at an ambient temperature
of 22°C.

Volunteers were asked to inhale from and exhale
into the disposable mouthpiece of the spirometer.
Their lips were tightened around the mouthpiece to
prevent leakage of air and the noses were clipped
to allow airflow only through the mouthpiece
to and from the lungs (Pal, Robert, Dutta, & Pal,
2010). Each student performed at, least, three
expiration maneuvers (Sewiye, 2008). From the
most acceptable one, Forced Vital Capacity (FVC),
Forced Expiratory Volume (FEV1), FEV1 (FEV1/
FVC), FEF25-75%, (FEF25%, FEF50%, FEF75%),
PEFR, FET and Backward extrapolated volume V
were measured (printed out).

Ve can be expressed as an absolute value, Vbe, or
as a percentage of forced vital capacity (FVC), i.e.
as (V. %FVC); and is used to determine whether or
not the tracing is acceptable to use for calculating
FEV1. For the test to be acceptable value of Vbe
should not be greater than 5% of the FVC, or
Vbe%FVC should be lesser than 5% (Arets et al.,
2001).

2.4 Statistical analysis

Paired sample t-test used for verifying differences
between mean + SD values of control and Khat
chewing subjects. Differences were taken as
statistically significant if the p value was < 0.05.

3. RESULTS

A sample size of 40 was needed in this study
to establish the cause-effect relationship of the
chewing and ingestion of Khat leaves and PFTs.
The obtained data of the present study has been
statistically analyzed and presented in Table 1 and
Figure 1.

3.1 Acceptability criteria: start-of-test

Extrapolated volume as a percentage of forced vital
capacity (V. %FVC) was <5% in all students. The
mean V., was (132.00+25.46) in Khat chewing
groups and was (107.50+46.55).

There was a significant increase in the predictive
and actual values of FVC, FEV1 and PEFR in of
FVC, FEV1 and PEFR in Khat chewing students as
compared with non-Khat chewing students.

The predictive and actual values of FEV1%,
FEF25-75, FEF25, FEF50, FEF75 in Khat chewing
students were insignificantly higher than that of
control groups.

FET of Khat chewing students (4.07+1.16) was
significantly longer than that of the non-Khat
chewing students (3.12+1.13).

However, there was an insignificant increase in the
predictive and actual values of FEV1, FEV25-75
(FEV25%, FEV50%, FEV75%) in Khat chewing
persons than those of the controls.

4. DISCUSSION

Cathinone has been demonstrated to be the main
active constituent in fresh Khat leaves, which is
responsible for the stimulant effects obtained by
chewing Khat (Al-Motarreb et al, 2010). When
cathinone is broken down in the body, it produces
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1. INTRODUCTION

Khat chewing habit is increasing among higher
education students in Jazan region (Alsanosy,
Mahfouz, & Gaffar, 2013). Khat is an evergreen
shrub which grows mainly along the eastern coast
of Africa and in the Republic of Yemen (Krikorian,
1984). Fresh Khat leaves are commonly chewed in
those regions as a social stimulant (Zahran, Khedr,
Dahmash, & El-Ameir, 2014, Manghi, Broers, B.,
Khan, R., Benguettat, D., Khazaal, Y. & Zullino,
et al., 2009). This stimulant effect is due to its
main active ingredient, cathinone (Al-Motarreb,
Al-Habori, & Broadley, 2010). Khat chewers
experience a sense of increased energy levels,
increased alertness, the ability to concentrate,
an improvement in self-esteem and an increase
in libido (Numan, 2004). There are a potential
adverse effects of habitual use of Khat on mental,
physical and social well-being (Odenwald, Neuner,
Schauer, Elbert, Catani, Lingenfelder, Hinkel,
Héafner, & Rockstroh, 2005, Hassan, Gunaid,
Abdo-Rabbo, Abdel-Kader, Al-Mansoob, Awad,
& Murray-Lyon, 2000). Khat is reported to cause
insomnia, depression, anxiety, tension, restlessness,
hypnogogic hallucinations, hypomania, psychosis,
dependence and Parkinson’s disease (Cox &
Rampes, 2003, Ayana, Sherief, & Tekli, 2002,
Karunamoorthi, Udeani, Babu, & Mossie, 2010).
Regular chewing of Khat is also associated
with elevated mean diastolic blood pressure and
increased incidence of acute coronary vasospasm
and myocardial infarction (AL-Motarreb, Briancon,
AL-Jaber, AL-Adhi, AL-Jailani, Salek, & Broadley,
2005, Berhane, Bonita, & Wall, 2008, AL-Motarreb
& Broadley, 2003, Al-Motarreb, Al-Kebsi, Al-Adhi,
& Broadley, 2002). Chronic consumption of Khat
can lead to anorexia, gastro-intestinal disorders
and liver damage (Raja’a, Noman, Al-Warafi, Al
Mashraki, & Al Yosofi, 2000, Makonnen, 2000,
Karunamoorthi et al., 2010, Harding, 1999).

It is reported Khat leaves are traditionally
considered to be an herbal remedy for airway
diseases (Algabr, Al-Wadhaf, Ameddah, Menad,
Mekkiou, Chalchat, Benayache, & Benayache,
2014, Teferedegn, Ayana, & Yami, 2013, Freund-
Michel, Birrell, Patel, Murray-Lyon, & Belvisi,

2008). The effects of Khat on the pulmonary
functions remain obscure. Therefore, the present
study is intended to evaluate the changes observed
on pulmonary function tests following the ingestion
of Khat.

2. METHODS
2.1 Study Volunteers

The study population included the Jazan University
students. A systematic sampling technique was used
to select 40 volunteers including male students,
aged 2042 years and in apparently good state of
health. The students were classified into two equal
groups. Group I (Control Group) comprised 20
students who had never chewed Khat. Group II
(Khat Chewing Group) also comprised 20 twenty
students who were occasional Khat consumers and
had chewed Khat continuously for 4 hours prior to
PFTs. Normal volunteers were selected by means of
a standard questionnaire of respiratory symptoms,
based on the recommendation of the British
Medical Research Council and the aforementioned
exclusion criteria (Liard & Neukirch, 2000). The
following inclusion and exclusion criteria were
set for their eligibility, as given below (Mwenda,
Arimi, Kyama, & Langat, 2004).

Inclusion Criteria:

® Male, 18-22 years old.
e Willingness to fully cooperate in the
proposed study.

® QOccasional Khat chewers (20); non Khat
chewers (20).

Exclusion Criteria:

® Previous history of respiratory disease

e Past history of treatment with anti-TB
medication.

e Medication intake shortly before the
experiment.

® Athletes.

e Permanent residents of high altitude.

2.2 Ethical consideration

All students were informed about the study,
objectives, and procedures. Written consent was
obtained from participating students and privacy
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Abstract: Khat (Catha edulis) is widely consumed among the youth of Jazan region of Saudi Arabia. The leaves are chewed
for their stimulant effect. Apart from habitual use, it is reported that students use Khat to improve their academic performance
and is consumed by laborers to obtain extra vigor and energy, which they need for their work. The effects of Khat on central
nervous system, cardiovasculars system and gastrointestinal tract are well described and reported in the literature. However, the
effects of Khat on pulmonary function is not well documented. This study was conducted to assess the effects of Khat chewing
among college students in Jazan region on pulmonary function tests (PFTs). Results; there were significant differences in most
pulmonary functions (p < 0.05) at four hours after Khat ingestion as compared to the control group. Khat ingestion improved the
lung volume and capacity. In conclusion; Khat leaves have sympathetic-like effects on lung volume and ventilatory capacity.
However, further researches should be conducted to find out the effect of long-term use of Khat on pulmonary functions.
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against Paracetamol induced toxicity in rat hearts
found in this study.

4. CONCLUSION

It can be concluded that Paracetamol in both low
(300 mg/kg) and high (3000 mg/kg) doses exerts
cardiotoxic effects. Captopril provides protective
and ameliorative effects against histological changes
induced by Paracetamol in rat hearts.
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Figure 6: Captopril 20 mg/kg group: sections from a
rat’s heart showing normal muscles (thin arrows) and
coronaries (thick black arrows) (H&E stain).

L Lk

Figure 7: Captopril 20 mg/kg + Paracetamol 300 mg/kg
group: sections from a rat’s heart showing moderate or
potential protection from paracetamol induced changes
with decreased frequency of degenerated muscle fibers
(black arrows), narrow tissue spaces (stars) and normal
coronary (H&E stain).

Figure 8: Captopril 20 mg/kg + Paracetamol 3000 mg/
kg group: sections from a rat’s heart showing marked
protection from Paracetamol induced changes coronaries
(thick black arrows) and most cardiac muscle fibers
(thin black arrows) looked normal. Few degenerated
fibers were observed (white arrows) (H&E stain).

Unfortunately, only a few studies have been
undertaken to evaluate the effects of Paracetamol on
the heart. Long-term randomized controlled trials
appropriately powered to evaluate cardiovascular
outcomes of Paracetamol are lacking (Sudano,
Roas, Flammer, Noll, & Ruschitzka, 2012).

On the other hand, many studies have documented
the protective effect of angiotensin-converting
enzyme inhibitors on the heart which could
explain the protective effect of Captopril against
Paracetamol induced cardiac toxicity in the current
study.

The present findings are in agreement with Demers
et al. (2005) which reported that angiotensin-
converting enzyme  inhibitors  significantly
decreases cardiovascular mortality, myocardial
infarction (MI), and hospitalization for heart failure
(HF). Other studies like the HOPE study showed
the efficacy of ACE inhibitors in the prevention of
ischemic heart disease in high risk individuals, and
the EUROPA study showed a good eftect of ACE
inhibitors in the secondary prevention of ischemic
heart disease in low risk patients (Milici¢, 2004).
Captopril also produced an increase in cardiac index
and a decrease in systemic vascular resistance and
pulmonary capillary wedge pressure (Viecili et al.,
2003).

The benefits of angiotensin-converting enzyme
(ACE) inhibitors on the heart could be attributed
to the blockade of angiotensin II production and/
or to a decrease in the breakdown of bradykinin
(Pitt, Segal, Martinez, Meurers, Cowley, Thomas,
Deedwania, Ney, Sanvely & Chang, 1997).
However; further studies are needed to explain the
mechanism by which Captopril prevents the toxic
effects of Paracetamol on the heart as was observed
in this study.

It is reported that the beneficial actions of Captopril
may be due in part to its ability to scavenge
free radicals and augment antioxidants and the
sulphydryl — containing Captopril appears to act as
a scavenger of oxygen derived free radicals which
is not present in other angiotensin — converting
enzyme inhibitors (Eid, Abdelkader,. Abd El-
Raouf, Fawzy, & El-Denshary, 2016; Ercument,
Mustafa, Siret, Fazil, Yavuz, Sami, Asim, Gokhan,
Levent, & Nazim, 2000). These findings may
explain in part the protective effects of Captopril
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Figure 1: Normal control group (low dose): sections in
cardiac wall of left ventricle of a rat’s heart showing
normal surface epicardial layer (thick black arrows),
normal cardiac muscles with central nuclei and
homogenous slightly basophilic cytoplasm (thin black
arrows). Coronary artery looked with normal thick wall
(star) (H&E stain).

Figure 2: Normal control group (high dose): sections
from a rat’s heart showing normal coronaries (thick
black and white arrows) and muscle fibers (thin black
arrows) (H&E stain).

Figure 3: Paracetamol 300 mg/kg group: sections from
a rat’s heart showed inflammatory cell aggregate under
the epicardial layer which overly an infarcted cardiac
fibers (thin black arrows) which looked shrunken with
dark stained acidophilic cytoplasm which are features of
cell apoptosis ) / the insert showed regions with congested
vessels (white arrows) among partially degenerated
cardiac fibers (black arrows) (H&E stain).

a.G2:HDPar ) =i .
Figure 4 (a): Paracetamol 3000 mg/kg group: sections
from arat’s heart showing inter-cardiac capillary dilation
and congestion (Thin black arrows), massive necrotic
regions of cardiac muscles with blood extravasation
(star) peri-coronary edema (thick black arrow) (H&E
stain).

b.G2:HDPa

Figure 4 (b): Paracetamol 3000 mg/kg group: sections
from a rat’s heart showing capillary dilation and
congestion (Thin black arrows), massive necrotic regions
of cardiac muscles with blood extravasation (star).
Degenerated muscles are stained dark with pyknotic
deeply stained nuclei (white arrows) (H&E stain).

Figure 5: Captopril 20 mg/kg group: sections from a
rat’s heart showed nearly normal cardiac fibers (arrows)
and coronary branches (stars) (H&E stain).
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and their hearts were removed for histopathological
studies. The histopathological studies were
conducted at King Fahad Medical Research Center,
King Abdulaziz University, Jeddah, KSA.

2.2.1.2 High dose Paracetamol (3000 mg/kg)

Here also, the rats were divided into 4 groups of 6
rats each (n= 6) (Table2). All groups were pretreated
orally with either 0.9% normal saline (NS) or
Captopril 20 mg/kg for 7 consecutive days followed
by a single oral administration of Paracetamol
3000 mg/kg or normal saline. The administration
of Paracetamol or normal saline was performed
24 hours after the last administration of Captopril.
After 48 hours of hepatic injury induction, the
rats were then sacrificed and their hearts were
removed for histopathological studies (Mahmood,
Mamat, Kamisan, Yahya, Kamarolzaman, Nasir,
Mohtarrudin, Tohid, & Zakaria, 2014; Zakaria,
Rofiee, Somchit, Zuraini, Sulaiman, Teh, Salleh, &
Long, 2011).

2.2.2 Histological study

The rats were euthanized under deep ether
anesthesia, chests were opened up and their hearts
were dissected and fixed in 10% formalin. A cross
section from the middle part was processed for
embedding in paraffin wax . Five microns sections
were stained with Hematoxylin and Eosin (H & E)
for microscopic of histological changes in the heart
(Mahmood et al., 2014; Zakaria et al., 2011). The
histopathological studies were conducted in King
Fahad Medical Research Center, King Abdulaziz
University, Jeddah, KSA.

2.2.3 Statistical analysis

Data obtained are presented as mean =+ standard
error of the mean (SEM). The data was analyzed
using a one-way ANOVA followed by a Tuky post
hoc test (p < 0.05).

3. Results and discussion

It is reported that angiotensin-converting enzyme
inhibitors significantly decreased cardiovascular
mortality, myocardial infarction (MI), and
hospitalization for heart failure (HF) (Demers,

Mody, Teo, & McKelvie, 2005). Several studies
have indicated their ability to reduce cardiovascular
mortality and re-infarction (Viecili, Pamplona, Park,
Silva, Ramires, & Da Luz, 2003).

In this study the effect of low and high doses of
Paracetamol and Captopril on the heart was studied
(Table 3). Sections from rat heart from the normal
control groups for both low and high dose studies
showed normal coronaries normal muscle fibers
(Figures 1 & 2).

Low dose Paracetamol (300 mg/kg) caused
inflammatory cells to aggregate under the epicardial
layer that lie over infracted cardiac fibers that
looked shrunken with dark stained acidophilic
cytoplasm, which are features of cell apoptosis.
Paracetamol also produced marked atrophy and
apoptotic degenerative changes in cardiac fibers
(Figure 3). On the other hand, a high single dose
of Paracetamol (3000 mg/kg) produced inter-
cardiac capillary dilation and congestion and
massive necrotic regions of cardiac muscles with
blood extravasation peri-coranary edema and some
degenerated muscles stained dark (Figures 4 a &
b). The group treated with Captopril showed normal
cardiac fibers and coronary arteries (Figures 5 &
6). However; the group treated with Paracetamol
and Captopril concomitantly showed moderate
or potential protection from Paracetamol induced
changes with decreased frequency of degenerated
muscle fibers with preserved coronary structure
(Figures 7 & 8).

Table 3: Effect of Captopril, Paracetamol and their
combination on the body and heart weight (mean +
S.E.M) in rats.

Group |Body weight (BW) (g) | (Heart weight (LW) (g
Group -1 13.45+229.67 03.0+0.78
Group — 11 16.16 £221.33 0.10+£1.03
Group — III 7.83 £251.83 0.10+0.95
Group—1V| 13.32+239.33 0.06 +0.92

Values are expressed as means + SEM, p < 0.05

a* Significantly different as compared to normal control group.

b* Significantly different as compared to Paracetamol control group.
Captopril, Paracetamol or their combination produced no significant
change on the body or heart weight (p < 0.05).
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1. INTRODUCTION

Captopril, which belongs to the Angiotensin
converting enzyme inhibitors (ACE inhibitors), is
widely used for the treatment of hypertension and
congestive heart failure. It is used for the long-
term management of patients with congestive
heart failure, as well as diabetic and non-diabetic
nephropathies (Schoolwerth, Sica, Ballermann, &
Wilcox, 2001).

Captopril belongs to the active sulthydryl group and
shares other structural features with cysteine, which
is the main substrate of glutathione. The protective
role of Captopril may be due to the sulthydryl group
that has the ability to scavenge cytotoxic oxygen-
derived free radicals (El Kafrawy, 2014). According
to a study published in 2000, Captopril was able to
enhance the total glutathione content and glutathione
peroxidase and glutathione reductase activities in
various mice tissues (De Cavanagh, Inserra, Toblli,
Stella, Fraga, & Ferder, 2001). Another study
published in 2008 showed that Captopril decreased
the activity of both glutathione peroxidase and
glutathione reductase (Ackerman, Oron-Herman,
Rosenthal, Pappo, Link, Sela, & Grozoyski, 2008).

Paracetamol is a widely used over-the-counter pain
reliever and antipyretic, and remains a major cause
of overdose and overdose-related deaths in the
United States and many other countries (William,
Toby, George, Wendy, Nicole, Jessica, Anne, &
Kathleen, 2005; Chun, Tong, Busuttil, & Hiatt,
2009). On the other hand, the lack of knowledge of
patients on over-the-counter (OTC) drugs leads to
irrational use (Myers, Li, Fong, Shaheen, & Quan,
2007).

Hypertensive patients may have administered
antihypertensive drugs like Captopril (ACE
inhibitor) and also may take other drugs to treat
concomitant diseases; they may take Paracetamol
which may interact with Captopril. The aim of this
study is to evaluate the cardiotoxicity of Captopril
and Paracetamol and their combination in rats.

2. MATERIALS AND METHODS
2.1 Materials

2.1.1 Animals
Male and female wistar rats weighing 200-250

g were used in this study. The rats were kept and
maintained under laboratory conditions in the
Faculty of Pharmacy, Northern Border University,
Kingdom of Saudi Arabia (KSA); they were allowed
free access to food (standard pellet diet) and water
ad libitum. The rats were divided into 8 groups, with
each group containing 6 rats (Tables 1 & 2).

Table 1: Indicates the treatment groups for low dose
Paracetamol study.

Group Treatment

Group -1 Normal control group received normal saline

Group — 11
Group — IIT

Paracetamol control group 300 mg/kg

Captopril 20 mg/kg

Group — IV | Captopril 20 mg/kg + Paracetamol 300 mg/kg

Table 2: Indicates the treatment groups for high dose
Paracetamol study.

Group Treatment

Group -1 Normal control group received normal saline

Group — I1 Paracetamol control group 3000 mg/kg

Group — IIT Captopril 20 mg/kg

Group — IV | Captopril 20 mg/kg + Paracetamol 3000 mg/kg

2.1.2 Drugs

Captopril (Capoten®) and Paracetamol (Panadol ®)
were purchased from the local market in KSA.

2.2 Methods

2.2.1 Experimental protocol

2.2.1.1 Low dose Paracetamol (300 mg/kg)

The rats were divided into 4 groups; each group
contained 6 rats (n= 6) (Table 1). All groups were
treated orally either 0.9% normal saline (NS),
Captopril 20 mg/kg, Paracetamol 300 mg/kg or
Captopril 20 mg/kg + Paracetamol 300 mg/kg for
10 consecutive days. The rats were then sacrificed
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Abstract: The aim of this study is to evaluate the protective role of Captopril against the cardiac histological changes induced
by different doses of Paracetamol in rats. Forty-eight adult rats (250-300 gm) were used in two experiments: Experiment [
was conducted over 10 consecutive days, wherein the rats were divided into four groups (G1- G4). G1 rats (Control Group)
received an oral dose of 0.9% normal saline (NS); the G2 rats were administered a low dose of Paracetamol (LDP) 300 mg/kg
in normal saline; G3 rats (Captopril Group) received a dose of Captopril 20 mg/kg and G4 rats received LDP plus Captopril 20
mg/kg. In Experiment II: G1 rats (Control) received normal saline; the G2 rats were pretreated with oral Captopril 20 mg/kg for
7 consecutive days; G3 rats were administered a single oral dose of Paracetamol (3000 mg/kg in normal saline) then sacrificed
after 48 hours, and G4 rats were pretreated with Captopril 20 mg/kg for 7 consecutive days followed by a single oral dose of
Paracetamol 3000 mg/kg in normal saline. After 48 hours, the rats were sacrificed and their hearts were dissected utilizing
ether anesthesia and cardiac perfusion with saline that was supplemented by 10% formaline. Both low (300 mg/kg) and high
(3000 mg/kg) doses of Paracetamol produced cardiotoxicity (capillary congestion, hemorrhage and focal necrosis). However,
Captopril provided protective effects against Paracetamol induced toxicity in rat heart.

Keywords: Paracetamol, Captopril, Heart, Histology.
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